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During the course of studying p r o j d e s  and gun dynamics, data are recorded from firings on 
indoor and outdoor ranges. Data recorded during firings consist of the following. guntube strain, guntube 
acceleration, chamber pressure, and doppler radar from the flight of the p r o j d e  both in-bore and in free 
flight. Currently there are four sets of andysis programs resident on a hrewlett Packard 1000 F Series 
minicomputer (HPlOrJO) with the operating Wtem RTE 6/VM for use when analyzing this data. These 
programs are used specifically for the aquisition and the analysis of strain, pressure, acceleration, and 
doppler radar data The HPlOOiI minicomputer was choosta since the driver used with the digitizer allowed 
any size data record to be digitized as long as the disk designated to receive the data is large enough to 
accomdate the data. The data from these test fuings can range in time from a few miliiseconds to a few 
seconds. A record that is three seconds long can contain up to 73lO,000 samples if the highest sampling 
rate and largest tape speed factor are used. The highest sampling frequency generally is only used when 
digitizing doppler radar files. The techniques for sampling data will be discussed in Part 111, Computer 
Implementation of Radar Analysis, Section A, Data Digitization. This report will concentrate on the 
digitization and analysis of radar data as opposed to strain, pressure, or acceleration data. 

11. OVERVIEW OF DATA FILE STRUCTURE 

There are three main types of files: an acquisition file for strain, pressure, and acceleration data; 
an analysis file for strain, pressure, and acceleration data; and a radar file. These files different in their 
formats but seem relatively similar to the user. 

An aquisition file contains digitized strain, pressure, or acceleration data. The aquisition file is 
created in the aquisition set of programs when data are digitized and then stored on the disk. Before 
digitization occurs the data may be passed through a filter and the gain (amplitude) of the data may be 
increased. This file has a header record that contains the filc name, label information supplied by the user, 
and other information that will be used for later analysk such as sample rate, tape speed factor, and the 
number of points in the file. In the digitization program for strain, pressure, and acceleration data, the 
option exists to digitize multiple channels simultantously. When two cbannels are digitized simultaneously, 
the fmt digitized datum is from channel one, the second digitized datum is from channel two, and the 
pattern repeats. The aquisition file for strain, pressure, and acceleration data is large enough to contain all 
the digitized data which can be hundreds of thousands of points. This large number of data points may 
occur under one or several different conditions. These conditions arc (1) one to fourteen channeIs of data 
are digitized in one pay (2) a large sampling frequency is used, or (3) a long time span is recorded. The 
data in this file are equally spaced in time with only the actual data point being stored. The time at which 
each data point occurs is computed from information in the beader. 



An analysis file is aeated by the analysis programs. The analysis programs for strain, pressure, and 
acceleration data work with up to 30,000 data points equally spaced in time. For the type of analysis done 
with the analysis programs generally 30,000 or less points k a sufliaent quantity for analysis. These points 
are all resident in memory at one time. These data points may be recovered from an acquisition or an 
analysis type file. When reurnring data from a file the user chooses how many points are to be used (up to 
30,000). As mentioned before, more than 30,000 points may be digitized and stored in an aquisition fie 
when several channels are digitized at once. In the process of retrieving the file only one channel of data is 
retrieved and this is generally less than 30,000 points. When a long time span is digitized, usually only a part 
of that is the data of interra. The user will have to hnd this particular part of the data by either 
incrementing the data or knowing from obsewhg the oscilloscope while digitizing that the data occurred at 
the beginnin& end, or middle of the record. When storing a file from these programs an analysis type file is 
aeated. An analysis file also has one header record that contains the file name, label information supplied 
by the user, and information needed for future analysis. The rest of the file is filled with data. records where 
the data are equallj spaced in time. 

The set of programs for the aquisition and analysis of doppler radar data uses only radar files. 
Radar data are digitized one channel at a time. n e s e  data are stored in a file that has one header record 
containing the file nase, label information, and information needed for future analysis; and up to several 
thousad data records which contain equally spaced data points in time, 1024 points per record. Again, this 
file may also co~tain hundreds of thousands of points. When analyzing radar records all of these points are 
needed for the analysis but they can not all be resident in memory at one time; therefore, usually only one 
record of data is in memory at a time. 

Three sets of programs have already been mentioned. A fourth set of programs, Zeroing 
Programs, are used in the analysis of radar doppler data. These programs only work with analysis type files; 
tberefore, the radar files need to be converted to analysis files. This will all be discussed in Part In, 
Computer Implementation of Radar Analysis; Section E, Zeroing Programs. 

This is all transparent to the user and the four sets of interadive programs appear very similar to 
the user. Each set of programs has a main menu list &dar to the one shown in F w e  1. Under each of 
the options is either a pro- to be used or another menu list .zimilnr to F i e  2. F w e  2 is option three 
of the main menu list shown in Figure 1. Figure 3 shows how the different types of data and programs are 
related. For all types of tests the data are recorded on d o g  tape and then passed through anthhbgs 
filters. Strain, pressure, or acceleration data art digitized with the aquisition programs and an aquisition 

, file is created. These data are then used with the adysis programs and analysis files are created. Radar 
data are digitized and a d y d  with the radar program. The zeroing programs are used for certain types 
of analysis of the radar data For one s p z d  case the ady& programs are used witb radar data. The rest 
of this report will conantrate on the digitizadon and analysis of radar data. More information on the 
analysis of strain, pressure, and acceleration data may be found in reference 1. 



OPT IONS I 
0 - END PROCESSING 
1 - DATA D I G I T I Z A T I O N  
2 - TARGET TRACKING. AND ANALYSIS 
3 - SIDEBAND AND SPECTRAL ANALYSIS 
4 - TRAJECTORY AND DRAG COMPUTATION 
5 - U T I L I T Y  PROGRAMS 

Figure 1. Main Menu List 

THE DISK I S  78% FULL. 

OPT 1 ONS I 

0 - END PROCESSING 
1 - TRANSFER DATA RECORD TO OR FROM THE hp9845 
2 - DATA F I L E  ACCESS CTAPE OR DISK) 
3 - ADJUST ZERO LEVEL OR OF BLOCKS TO PROCESS 

- I# SIDEBAND DETECTION AND REMOVhL 
5 - HIGH RESOLUTION CMESA) SPECTRAL ANALYSIS 
6 - FOURIER SPECTRAL ANALYSIS 
7 - D I G I T A L  F ILTER DESIGN/APPLICATION 
8 - ANNOTATED PLOTS 
9 - WATERFALL SPECTRUM PLOTS 

99 - SUSPEND PROGRAM 

Flgare 2. Seeondaq Menu Ust 
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111. COMPUTER IMPLEMENTATION OF RADAR ANIhLYSIS 

Figure 4 shows the breakdown of the Mtrent  sets of radar programs as well as the interaction with 
the zeroing programs and adysis programs. The radar data are recorded on analog tape, passed &-ough a 
filter and sptctrd m r ,  and then digitized with option onc of the radar programs. Once the data are 
digitized one of four different options can be c h m n  as shown and tach will be discussed in detai: later in 
this section. 

A. Data Digitltation 

The &st step in the analysis of doppler radar it ~tn  is to acquire the data digitally (number one in 
the option list of F w e  1). This particular option has no menu list under it, only guutionc to be answered 
by the user. The data have already been recorded on analog rape eithcr at an indoor or outdoor range. On 
the current system data may be digitized at a sampling rate of up to 40- doppler radar data, however, 
requires a higher sample rate for analysis. This is accomplished by slowing the tape speed down. The tape 
recorder used for recording data and for playing back data has tape speeds ranging from 0.9375 to 120 
inches per second (ips). The data have usua.ll-- been recorded at either 60 ips or UO ips. For example, 
suppose the data were recorded at 60 ips and the tape is played back at 7 5  ips; the tape speed factor is 
eight ( Oips / 75ips = 8 ). If a sampling frequency of 40kHz was used, this results in a red time sample 
rate of 320kHz ( 40'W 8 = 320kHz ). Fdtering, as well as increasing the gain (amplitude) of the data, 
may be done imnediately before digitizing. The data is run through a sct of antialiasing filters where the 
gain may be set at one, two, five, or ten and different filter setrings may also be used. Usually the fdters are 
set at 1SOW which effectively allows all frequenaes to pass through for digitizing. The data may also be 
passed through a spectrum an-r which allows the user to t h e  how long the record lasts and to see if 
there are my irregularities in the record. An example of such an irregularity, a piece of projectile breaking 
off, can be seen in the waterfall plot of F i e  5 taken directly fiom the spectrum analyzer. Peaks occur in 
the waterfall plot corresponding to the frequency content of the data. The frquency with the highest peak 
has the most power within the window. As the velocity of the projectile deacascs so does the frequency 
since velocity is approximately proportional to frequency (see reference 2). On these waterfall plots the 
frequency haeases to the right on the horizontal axis and time inaeasw upward on the vertical axis. In 
this particular plot peaks are seen at approximately 11,OOOHz indicated by A in F v e  5. About one third 
of the way up the plot (poiit B in F i e  5) the fiqucncy of thc peaks starts decreasing in a parabolic path. 
At the same time there are peaks to the far left where the frequency is also decreasing in a parabolic path. 
This is the piece that has broken off the projectile. The piece broken off slows down at a much faster rate 
then the p r o j d e  and the track of this ends at point C in Frgure 5. 

The fitst question the user must answer is, 'Enter the number of channels to be digitid,' The 
user must enter one bemuse only one channel of radar data may be digitized at a time. This question is in 
here for the program to be expanded at a fuhue date. The second question is, 'Enter the desired sampling 
rate." The user enters a sampling frquency of less than or qua1 to 40,000 Hz as discussed earlier. AU 
KIUmbeIS entered by the user are entered without commas or units. Chnmas are used to separate numbers 
when more than one number is n d e d  for an answer. The console then echoes what b e  user entered and 
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asks, "Do you want to change these? (YE or NO).' If the answer is YE, the user re-answers the first two 
questions. If the answer is NO, the program goes on. The user is now asked for playback timc in seconds. 
This is answered appropriately as discussed earlier. Next the user is asked the mode for triggering (starting 
to digitize). On this system there are two ways to trigger: manually or au:omatically. If data are digitized 
by trigering manually, the digitization process starts when the user presses the return key on the computer 
console. If the digitization is automatically triggered, a channel of data is run through the triggering device 
snd digitization starts when h e  voltage reaches a prwet IeveL Th: data channel used for automatic 
triggering may be the channel of actual data or it may be another h c l  of data recorded simultaneously 
that contains some type of pulse to indicate the start of data When triggering automaticaLy the user may 
enter a time delay which delays the start of digitization until after the specified voltage has been reached. 
As these data are digitized they are written onto a disk. After digitization is completed the user is asked, 
"Okay to proceed? (YE or NO).' If for some reason there was an error the user may enter NO and re- 
digitize; otherwise YE is entered. The user now enters a fite number between 1 and 99%). The program 
will automatically name the fie DRxxxx where amr indicates the number choosen by the user. The user 
now enters any information about the file in a 72 character label. The tape speed factor must be entered as 
discussed earlier. The user is asked if the status word should be monitored. If YE is entered each datum 
that has been digitized ir, checked to see that no problems occured with the digitizer. If something was 
wrong with the digitizer the status bit would be set to indicate there was a problem. Usually NO is entered. 
See Appendix A for a complete example of the questions and answers for digitizing. The data is now 
written in a readable form to another disk fie. The raw doppler data is shown in F w e  6. 
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Once the raw doppler data have been digitized and stored on disk (opvon one of F w e  1) there 
are four other options that may be chwsen in order to aaalyrt the data (options two through fivr of Fngure 
1). This report wiU cover options two, three, and fivc. Option four, Trajectory and Drag Computation, has 
been covered in reference 2 

B. Target Tracklag and Analpls 

Option two of Figure 1, Target Tracking and Analysis, deals with tra* the &&a and analyzing it. 
When option two is selected, another menu list appears on the screen (Figure 7). There arc tight options in 
this menu list. 

OFT I ONS I 
0 - END PROCESS 
1 - COMPUTE RADIAL VELOCl lV  TIME DATA 
2 - CREATE MULTIPLE TARGET TRACK PROFILE 
3 - E D I T  RADIhL VELOCITY DATA 
4 - SPLINE F I T  OF VELOCITY OAT1 
5 - L I S T  RADIAL VELOCITV T IRE POlNTS 
6 - COMPUTE TRAVEL DhTA 
7 - BLOT RAW D I G I T A L  DATA 
8 - PLOT TRAVEL. VELOCITY OR ACCELERATIOH vs TIHE 

Figurn 7. Targo( Tracktllg and Analysis Menu Ust 

Option one of F w e  7 generates a radial velocity-time file or velocity profile. Radial v c l ~  is the 
velocity of the projectile with raped  to the radar a l q  the radial h e  (referena 2). This can be 
accomplished in two different ways. The first k to generate the radial ve1odty-time file directly from the 
raw doppler fde. A spectral analysis of each block of raw doppler data is done as the program progres~ek 
This is a raw fast Fourier transform (FFQ which will be d i s c 4  in Section C, Sideband and Spectral 
Analysis. The second way to generate a radial velodty-time file k to use an eristing FFT fdc created under 
option thrte of Figure 1. This program essentially tracks the highest peaks that are created as the spcdral 
analysis is being pcrfonned on each block of data or the program tze& the highut pealrs that have already 
been created when an existing FFT file is being used. The user enters a minimum starting velocity and 
bounds for the projeaile. Thuc bounds indicate whether the velocity will be going up, down, or botb and 
how much it may change in one step. The user also decides how the velocity points are accepted: check all 



the points (the uscr deades if the point is good or not), check consecutin rejections (points will be accepted 
if they are within the bounds, the first point outside the bounds will be rejected, a consecutive point outside 
the bounds is left up to the user to accept or reject), and reject ail points outside the bounds. The user also 
has the option of using an automatic change mode. The following is an example of the automatic change 
mode: 

A accepted - within bounds 
B accepted - within bounds but A is n d  equal to B 
A out of bounds but last point acapted before B; therefore, 

change to B and accept 

A velocity-time profile is stored as time, data, time, data This is a minor type of data fde. The time 
bewen points may not be the same and usually is not. A velocity-time profde usually look like a step 
function since this is a discrete process ( F i e  8). Since the velocity did not change in discrete steps this 
c w e  may be edited in two ways to make it smooth. The fust is by hea r  editing ( F i e  9) done within 
option one. Lo F i e  9 the X indicates an actual data point. The equation of the line between the fust 
point of one step and fust point of the next step is determined A point on the line between steps is found 
at the correa time for each &ta point. Thwe points are indicated by the small circles. The other way to 
edit a velocity-time fde is to use a cubic spline, option 3. Again, the first point of each step is found. A 
cubic spline is determined using three points. Between the Eint two points used in the spline a data point is 
found on this curve at the appropriate time. Then the last two points used for the spliioe and a new point is 
used to find the next spline. The velocity-time file that was just aeated may be plotted using option eight 
(Figure 6) as well as listed on a line printer ( F i e  lo), b e d  to the conso!, or written in ASCII to tape so 
the data may be transferred to another computer, option five. The integral may also be taken to obtain the 
travel of the projectile (option six). Also under this heading the raw doppler data may be plotted as was 

shown in Figure 6. 

Option four is a test program of another type of spline fit. This t a t  program has nut been released 
for general use. 

Option two, Multiple Target Tradr Profile, was created in order to track projeailw that were 6red 
in a burst such as a five round burst from a machine gun. This option is similar to option one. The user 
goes into the option and enten the name of the fite to be processed. The user then deddcs how many 
peaks to tradt; in the above example 6ve peaks can be tracked Thc program finds the maximum 
amplitudes for the number of peaks choostn and writes this information out to the saeen. The uscr must 
decide whether to accept the points or change them. There is no automatic acception or automatic c h g c  
as in option one. 





Figun 10. Partial Usthg d a Velocity-Timt Fllc 



C. Sideband and Spectrsl Analysis 

Option three, Sideband and Spedral Analysis, deals with spectral analysis, waterfall plots, and 
sideband analysis. F w e  2 shows the secondary menu of option three. To use any of the options in this 
secondary menu the data must be 'retrieved' by going into option two where there is ytt another menu h t  
(Figure 11). Within this menu list the user may open and dose a data file, transfer and restore data tiles 
from tape, purge a data file on disk, and catalog data files. AU of this is accomplished by choosing the 
appropriate option and then answering the questions as they appear on the screen. When option two, open 
a data file, is chosen, the following questions need to be answered. 'Is the mass stor* device the disk or 
magnetic tape? What is the name of the file to be acctssed? Should a new file be aeated or should this 
file replace the current me?" Most of the time a new file does not need to be acated. This is only used 
when part of the file is needed and this can usually be accomplished within other programs. "Should the 
label information be changed?" Usually this does not need to be changed unless a mistake was made when 
originally typing the label. A complete example of this option with all the questions and answrs is in 
Appendix B. The name of the file and the header information contained in the fust record are brought into 
memory. The actual data points are brought into memory only when needed by the program. The other 
options within this menu have sirnilat questions that need to be answered. The radar files are fairly large 
and, depending on the actual size and the number of other data files stored on the disk, sometimes only a 
few additional files may be stored. The user must be able to store these files on tape and then purge them 
from disk. When option three of the main menu list was choosen, the current capaaty of the disc was 

shown (Figure 2) allowing the user to decide if any more film may be stored on the disk. 

OPT i ONS 1 

0 - RETURN TO MENU L I S T  
1 - CLOSE A DATA F ILE  
2 - OPEN A DATA F I L E  
3 - TRANSFER A DATA F I L E  TO TAPE 
4 - RESTORE A DATA F I L E  FROM TAPE 
5 - PURGE A DISK F I L E  
6 - CATALOG THE DATA FILES 

Flgurr 11. Data FUe Access Menu Ust 



The process used most often is option six, Fourier Spedral Analysis, also known as FFTs. For this 
program the user must retreive the data and then select option s ir  Once in option six the user must select 
on which blocks of data to perform the specbal analysis. Usually for the first FFT all the blocks of data are 
used. The user is givcn the option of changing the time between spedra. This time is computed from the 
header information. The user might want to changc the time if there was a mistake made when answering 
the questions after digitization or if the user would like to changc the units from seconds to milliseconds or 
miaosxonds. In doing this a problem can be created d e n  labchug plots sin e some plots, particularly 
waterfall plots arc pre-labeled and depend on the time b c i  in seconds. The user must decide what 
transform expansion factor to use. Usually one is chosen as a transform &pansion factor. By choosing a 
different transform expansion factor the user can change the size of the block of data being transformed. A 
transform expansion factor of one means 1024 ( 1024 1 = 1024 ) data points will be used; a transform 
expansion factor of two means that 2048 ( 1024 2 = 2048 ) data points will be used. If the transform 
expansion factor is negative the number of points (1024) is divided. If the transform expansion factor is a 
negative two the number of points to trausform is 512 ( 1024 / 2 = 512 ). Different window types may be 
used: rectangular, Hanahg, Hamming, and Gaussian. For most of the analysis done rectangular windowing 
is chosen, since the data recorded for use with this analysis padrage usually has a bandwidth much wider 
than the bandwidth of the phenomenon of interest. The resolution of the transform may be changed by 
entering a resolution fadot other than one. If a resolution factor, is entered higher resolution is obtained by 
zero fill, periodic continuation, or periodic expansion. With zero Cill zeroes are put at the beghahg, end, or 
beginning and end of a file to increase the number of points thereby inaeasing the resolution. With 
periodic continuation the We is repeated using odd periodic continuation until the correct number of points 
is obtained. The periodic expansion option is being used to test another option and is currently not working. 
The user is asked whether zero mean corrcuion is desired. The answer is NO; this was put in for a specific 
set of data that was ofiset. The user must also decide what the starting frequency should be. When in-bore 
data is being analyzed the starting frequency is zero since the starting velocity is tero and frequency and 
velocity are approximately proportional. When analyzing data from free flight the starting frequency needs 
to be tailored to the velocity of the projectile and frequency of the radar used. The user a h  needs to 
deade on an overlap. An overlap allows for a smoother progression of peaks by a d  using a completely new 
set of points for each new FFT. There is an example of this complete process in Appendix C. After all the 
questions have been answered the FIT r o d e  essentially takes a spedral analyds of a segment of data, 
then takes a spcc~al  analysis of the next segment of data, and this continues until all the data desired has 
been transformed. These data are then plotted as a waterfall plot, option nine. 

Option frvt, High Resolution Spectral Analysis, dows the user to perform a Maximum Enthropy 
Spectral Analysis (MESA) on the data This method has not p r o d  very successful for analysis of radar 
data and will not be discrused here. 



Both these spectral adysis proctsses may be plotted as waterfall plots. Again when plotting a 
waterfall plot, the data must have already been retrieved before entering the plotting option. Tbe user 
selects option nine md chooses what type of plotter is to be used for the waterfall plot. The waterfall plot 
may be plotted on a Hewlett Packard 2648A (HPZMA) graphics t e d  or on several different types of 
plotters. If the HP2648A graphics tenninal is chooscn the w r  must be working there. The user then 
answers the questions presented. The user designates whether thwc are Fourier spedra or MEM 
(Maxhum Enthropy Method) spedra. The option cxisb to plot ody part of the frequency data and the 
user must decide which part to plot 011 a first plot it is usually helpful to plat all Sl2 points on the 
frequency axis and on subsequent plots to plot only the points where the data is located. The spedra type 
must be decided upon; normai indicates *&at all frequency peaks will show up and line mode indicates that 
only the largest peak will appear. The user must also decide which spectra to plot. Again, as with the points 
on the frequency axis, it is usually advantageous to plot all the spectra and then limit the number on 
additional plots with the exception that if the plot is to be displayed on the HP26Q8A terminal sixty spectra 
is really the limit to what can be seen, The number of spedra for szaling is usually a few (fm) more than 
the number actually being plotted since this keeps the last peaks from b e i i  chopped off. The spectra may 
be normalized to the first or independently. If they are normalized independently, the highest peak of each 
h e  will be the same height. If they are normalized with respect to the fust, the height of the peaks will 
vary with the strength of the doppler return, The vertical scale expansion fador bdicates how tall the 
highest peak is to be if independent normalization is used or how tall the first peak is to be if the spectra 
are normalized to the first. A good height to use is six. This means the peak will be six spectra high. The 
peaks may be clipped if looking for secondary peaks and the dipping height will be rquired. The peaks 
may be aligned and the advantages of this will be disc& in Example 2: Fast Fourier Transforms and 
Waterfall Plots. Last there is an option to draw the axes if desired 

The first option in F i e  2 allows data transfer between the HPlOOO and an HP9845, a desktop 
computer. This is dr .: to allow analysis to be done on a remote computer. This is not used very often 
since the HP9845 is a slower machine and there are large amounts of data to process with radar data. 

Option three goes into yet another menu list ( F i e  l2). Within this menu the file size may be 
adjusted, the zero level of the data adjusted, the data plotted, and the mean and standard deviation of the 
data found. All of this is accomplished by asking the user which points to perform the spedicd hadion on 
and then the program retunrs when the function is finiJhtd. When the user is f d e d  with all options 
needed, a zero is entered ka return the user to the nezt menu list up. 

OFT IONS I 

0 - RETURN TO MENU L I S T  
1 - PLOT OF DATA WITH CURSOR RERDOUT 
2 - ZERO LEVEL ADJUSTMENT 
3 - ADJUST 0 OF DATA BLOCKS 

.4,,- HEAN AND STD DEV OF ALL OR PART OF DATR 
5 - PlODIFV DATA INCREMENT 

Figurt If. N u s t  Zcro Ind or Number of Blocks to Process Menu Ust 



Option four looks at the amplitude modulation and treats this as a time varing signal. This process 
has not been very succesful and is not recommended for use. 

Option seven allows the user to filter the data by desiphg lowpass Nters, highpass filters, or 
bandpass filters. Again, this is accomplished by asking the user specXc questions about the filter being 
designed. Option eight is only in the menu list to test some trial plotting programs and is of no use to the 
user. 

D. Utility Programs 

In option five of the main menu list of F w e  1 there are various utility programs available for use 
(Figure l3). Three of these options convert files to a different type of file: one from a raw loppler file to a 
data-time file, one from a data-time fi!e to an analysis file, and the other from an analysis We to a time-data 
file. In these three options the user is asked such questions as the name of the file to be converted, the 
name of the new file, the time between samples, and what blocks or points are to be processed. The only 
reason the time between samples is asked is in case of an error in answering questions or in case of round 
off error. The time between samples is found by subtracting the adual times between to data points and 
this can cause a round off error. For exarnplc, the times can be stored in such a way that when subtracted 
the time between points is 0.49999999 when it should a d d y  be 05. 

OPTIONS a 

0 - END PROCESS 
I - COMBINE TIME DATA F I L E S  
2 - CONCATENATE TIME DATA F I L E S  
3 - CONVERT R M  DATA TO TIME DATA 
4 - IN-BORE WAVELENGTH CORRECTION 
5 - RE-ZERO AND SChLE TIME DATA 
6 - TRUNCATE TIME DATA F I L E  
7 - COPY A F I L E  
8 - VELOCITY CORRECTION 
9 - CONVERT TIME-DATA F I L E S  TO ANALYSIS F I L E S  

1 0  - CONVERT ANALYSIS F I L E  TO TIME-DATA F I L E  

Figure U. Utility h g m n s  Menu Ust 



Time-data files are combined in different ways using options one and two. Q$on one takes the 
data part of file one and makes it the x value of the new file. It takes the data part of file two and makes it 
tbe y value of the new Ne. In option two, file two is appended at the end of file one to make a new file. 
Both of these options ask for the name of each of the two files to be combined as well as the name of a new 
fde to be created. There is no error cbefking. When files are appended by option two, there is no check to 
see that the time continues to increase; therefore the user must be sure the values make senst. 

An in-bore wavelength correction may be done with option four. Thk is used since there is a shift 
in the waveguide wavelength of the radar from in-bore to ficespace at muPle exit (see reference 3). 

Option five allows the units on a time data-file to be changed. The user enters three variables. The 
fust variable entered is subtracted from the data. The data is multiplied by the second variable entered and 
divided by the tbiud variaiile entered 

Option six truncates a time data-file while option seven copies a timcdata file. Option eight 
corrects a velocity-time file to zero velocity when the velocity does not start at zero. 

E. Zeroing Programs 

Sometimes after a velocity protile is completed it is advantageous to see what types of sinusoidal 
motion are superimposed on the data. The main program for d o i i  this is ;he spedral analysis program 
which was already written for use with strain, pressure, and acceleration data; therefore, the easiest way to 
perform a spedral analysis is to convert the data to analysis type data. Once a velocity-time ftle has been 
converted to an analysis file the spedral content may be determined A spedral analysis may not be 
performed directly on this data because there is an o s c . o n  about the velocity, not about zero. This curve 
needs to be zeroed so that the oda t ions  appear about zero on the h h t a l  axis and this is where the 
Zeroing Programs are used. TBlr is a relatively simple set of programs that has only one menu list ( F i e  
14). The fust two options allow the user to store and rctrieve data similar to the options in the radar 
programs. Data must be retrieved before going into any of the other options. In this particular set of 
programs the data files contain less then 30,000 points; therefore, all the data is in memory at one time. 
With the HP1000 30,000 is about the limit as to the number of points that can be h memory with out 
m m i q  out of memory. Oprhn tbree is the first step in the zeroiq process which is to fit a parabola to the 
data Three points arc choosen for the fit, usually the user chooses the first, last, and an approorimate 
middle point. The user is asked to enter the index of the poiats used for the fit and bas the opportunity to 
change them if he makes a mistake. Option five plots these two curvts to see if a good fit has been 
obtained ( F i i e  15). If a good fit has not been obtained the user may return to option threc and choose 
three different points for the fit. Once this is done the parabola is subtracted from the original data using 
option four. In d o i i  this an S cum is introduced. This arm may be fiItued out, if dcsired, and the data 
plotted using option six ( F i e  16). The spectral content can now be determined by using the adysk set 
of programs. If a doser look is n d e d ,  more points may be added back into the file and the file may be 
converted to a radar 6le (option men) so that an FET and waterfall plot may be done. There are two 
other options that allow the user to increment the data or combine two data file. Thcst two pro- arc 
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OPTIOHS t 
0 - END PROCESSING 
1 - STORE DATA 
2 - RETRIEVE ORTA 
3 - PARABOLIC F I T  
4 - ZERO D4T4 CURVE 
5 - PLOT Of PARABOLA AND DATA CURVE 
6 - PLOT OF ZEROED DATA CURVE 
7 - CONVERT F I L E  TO RADAR F I L E  
8 - ADJUST XNCREMENT OR SIZE OF OAT6 F I L E  
9 - MULTIPLE DATA F I L E  MANIPULATION 



Figure IS. Data wlth a Pambolk Flt 
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Figurr 16. Zeroed Data 



very similar to processes in the radar programs described in Section C, Sideband and Spectral Analysis and 
Section D, ULilitj Programs. 

lV. EXAMPLE 1: OBTAINING A VELOCITY PROFILE 

The data were recorded on analog tape a! 60 ips. W* the AID system the data was passed 
through a wide band tilter where the gain was increased to tivc. The sptctrum analper was used to 
determine the start of the record and how bog the record lasted ( F i  17). The data was sampled at 
30,333Hz with the tape speed slowed down to 7S1ps or a slowdown factor of eight ( 60ips / 75ps  = 8 ) 
giving a real time sample rate of 24f424Hz ( 30,303I-h 8 = 242,424Hz ). The record lasted approximately 
60 seconds or 7 5  seconds ( 60sec / 8 0 75sec ) in real time. On anolber channel an IR pulse was present 
indicating munle exit; therefore, an automatic trigger could be used. This channel of data with the IR pulse 
was run through the trigger, when the voltage reached a certain I m l  the digitizer started. A small section 
of the digitized data is shown in Figure 18. Nothing can be seen from this plot of raw doppler radar data. 
The velocity profile may be determined d i r d y  from this data when a minimum starting velocity is known. 
The minimum starting velocity was approximately 5000 feet per second; therefore, the minimum starting 
velocity entered was 4900 feet per second. The bounds chown were zero for the upper bound (implying 
the velocity would not increase) and 30 for the lower bound. Every block of data was processed with an 
overlap of one. Auto change was enabled and consecutive rejections were checked. Since this data was 
relatively smooth once the corred point in the beginning was accepted the program ran by itself and needed 
no interaction from the user. The velocity profile was then edited using a cubic spline to obtain a velocity 
curve (Figure 19). This data was then written to tape so that the data could be transfered to another 
machine. 

V. EXAMPLE 2: FAST FOURIER TRANSFORMS AND WATERFALL PUrrS 

A raw FFT has resolution of one and no overlap (also called an averlap of one). This means a 
spectral analysis is performed on the first 1824 points (one block of data as it has been stored), then on the 
second set of 1024 points, and so on. Thwe data may now be plotted as a waterfall plot ( F i e  20). Agh, 

in a waterfall plot the frequency is on the horizontal axis increasing to the right and time is on the vertical 
axis increasing upward. The record can be seen starting at approximately U miUiseconds and 40- 
These peaks progrus in a scnnnvhat sm& m a w  md inaease in frqeency which means the projedile 
is increasing in velocity (frequency is apprmimately proportional to velocity). This particular waterfall plot 
is from the doppler radar of a projcdk in-bore and doa not show much more than where the data record 
is located. To generate more spectra and a amoothu transgression of pcalq an averlap must be used. For 
example, if an averlap of four is used rht fmt spectral anafysis is performed on the first 1024 points. The 
following spedral analysis uses 768 points (thrte quarters of a block) from the previous spectra and 256 new 
points (one quarter of a block). The waterfall plot of this spedral ady& is seen in F w e  21. The 
resolution bas not changed; therefore, the Ilight of the projeaile may be seen but the frquency between 
points is the same and it is too large to see any charadcristia of the flight of the projaile. The resolution 
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may also be increased so that there is less of a frequency change betwe.cn points. If a resolution of 16 is 
used ( (16 - 1) . 1024 = 12,360 ) zeros are added to tbe ead of each 1024 point segment befcre 
transforming it. Thc plot in fi- .re 22 shows more detailed frequency information that is obtained by this 
pr~cess. Same o d a t i o n  ma., be seen early in-bore (starting at 135 nod continuing through 3.65 
milliseconds) indicating ballotin; The spectra arc normalized independently in Flgure 23 and they are 
normalized with resped to the lird sptdra io Figure 24. As can be wen when tht spedra are n o w  
independently tbe higbest peak cf eacb h e  on tbe waterfan plot wiO bc the same height. When the spectra 
are normalid with resped to the fint, the height of the peaks & with the varying strength of the 
doppler return The data in F w e  25 are plotted by al- the peaks which will mmetimea allow tbe 
cyclic motion of tbe i d e  lobes to be seer, as ia this figwe. 

VX. E M P U  3: IN-BORE ANALYSIS 

These data were digitized with a real time sample rate of 5120IrHz; a raw (no resolution, no 
overlap) FFT was performed on all blocks of the data. When plotted Bcse data show where the actual 
record begins and ends ( F i e  26). The incrcase in velocity could be seen but no 0 t h  details were visible. 
Aa FFT with resolution sirdeen and overlap four was done ( F i e  27'). Now m d e  exit caa be seen at 
approximately 75  milliseconds as well as some sinusoidal motion i n - h e  indicating balloting. 

VII. CONCLUSlONS 

The HPlOOO has four sets of aaalysis programs resident on it. There arc two sets used for doppler 
radar analysis: the Radar Programs and the Zeroing Programs. One specifii program, tbe spectral analysis 
program, from the Analysis Programs is used in special cases with radar data These sets of programs are 
all run interactively on the HPIOOO and look very similar to the user. The radar programs do not bring all 
the actual data iuto memory as the other programs do. This is the major dificrencc bctwten the program 
sets, but all of this is transparent to tbe user. 
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Figure 23. Spectra Nonnalittd Independently 
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Figure 25. Waterfall Plot with the Pcaks Aligned 
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APPENDIX A - DATA DIGmZATION 



OPT IONS : 
0  - END PROCESSING 
1 - DATA D I G l T l Z A T l O N  
2 . -  TARGET TRACKING AND ANALYSIS 
3 - SIDEBAND AND SPECTRAL ANALYSIS 
4 - TRAJECTORY AND DRAG COMPUTATION 
5 - U T I L I T Y  PROGRAMS 

1 
ENTER THE NUMBER OF CHANNELS TO BE D I G I T l Z E D :  
1 
ENTER THE DESIRED SAMPLING RATE: 
40000 
CURRENT D I G I T I Z I N G  PARAMETERS ARE 

NUMBER OF CHANNELSa 1 
SAMPLING RATE: 40000.00 

DO YOU WANT TO CHANGE THESE? (YE o r  NO) 
NO 

T I N E  DURATION ( I N  SECONOS) FOR D I G I T I Z I N G  
T H I S  F I L E  (ACTUAL TAPE PLAYBACK T IME - NOT EVENT TIME) 

1 
IPACEm 2 5  MULT- 0  - 
NUMBF- 5 IRATE- 40  
I BGN : 0  320 0 0 
I E R R  ON CREATE 0  
ENTER THE nocx FOR TRIGGERING: 

0 - MANUAL 
1 - AUTOMATIC 

0 
PRESS RETURN TO START D I G I T I Z I N G  

D I G I T I Z I N G  
DVT77 STATUS - 0000 
DVR62 STATUS - 0000 

OKAY TO PROCEED? (YC or NO) 
YE 
ENTER THE F I L E  NUMBER (1-9999): (ENTER 0  FOR CATALOG) 
2 2 2 2  
lERR - 0  ON CREATE CALL FOR F I L E  DR2222 
F I L E  NAME I S  DR2222 
ENTER THE LABEL INFORMATION ( 7 2  CHARACTERS IWXIWUN): 
D I G I T I Z I N G  FOR 1 SECOND AT 40KHZ 
ENTER THE TAPE SPEED FACTOR 
8 
DATA I S  NOW BEIHG CONVERTED AND TRANSFERRED 
#ONITOR STATUS WORD? <YE o r  NO) 
NO 
OPTIONS I 

0  - END PROCESSING 
1 - DATA D I G I T I Z A T I O N  
2 - TARGET TRACKING AND ANALYSIS 
3 - SIDEBAND AND SPECTRAL ANALYSIS 
4 - TRAJECTORY AND DRAG CONPUTATlON 
5 - U T I L I T Y  PROGRAMS 



APPENDIX B - OPENING A DATA FILE 



OPTIONSt 
0 - RETURN TO MENU L I S T  
1 - CLOSE A DATA F I L E  
2 - OPEN A DATA F I L E  
3 - TRANSFER A DATA F I L E  TO T I P E  
4 - RESTORE A DATA F I L E  FRO# TAPE 
5 - PURGE A DISK F I L E  
6 - CATALOG THE DATA F I L E S  

2 
1s THE n A s s  STORAGE DEVICE THE DISK CO) ,  

OR A MAGNETIC TAPE ( I ) ?  
0 
ENTER THE NAME OF THE FXLC TO BE ACCESSED* 
DR2222 
F I L E  NAME I S  ' 0 ~ 2 2 2 2  

D I G I T I Z I N G  FOR 1 SECOND AT 40KHZ 

PARAMETERS1 
NUMBER OF CHANNELS - 1 
LOGICAL RECORD LENGTH - 2 0 4 8  
NUMBER OF RECORDS - 4 1  
<I HEADER RECORD PLUS 4 0  DATA RECORDS) 

SAMPLING RATE (Hz) - 40000.  
TAPE SPEED FACTOR - 8 
TIME CSEC) BETWEEN SAMPLES - .3129000E-0s  

I S  TH IS  THE CORRECT F I L E ?  <YE or NO) 
YE 
CREATE NEW F I L E  (0). OR REPLACE CURRENT F I L E  (117 
1 
DO YOU WANT TO CHANGE THE LABEL INFORMATION? 
NO 
OPT IONS I 

0 - RETURN TO MENU L f S T  
1 - CLOSE A DATA F I L E  
2 - OPEN & DATA F I L E  
5 - TRANSFER A DATA F I L E  TO TAPE 
4 - RESTORE A DATA F I L E  FROM TAPE 
5 - PURGE A DISK F I L E  
6 - CATALOG THE DATA f l L E S  



APPENDIX C FOURIER SPECTRAL ANALYSIS 



OPTIONS: 
0 - 
1 - 
2 - 
3 - 
4 - 
5 - 
6 - 
7 - 
8 - 
9 - 

99 - 
6 

END PROCESSIHG 
TPANSFER DATA RECORD TO OR FROM THE hp9845 
DATA F I L E  ACCESS (TAPE OR DISK) 
ADJUST ZERO LEVEL OR OF BLOCKS TO PROCESS 
AM SIDEBAND DETECTION AND REMOVAL 
HIGH RESOLUTION CRESA) SPECTRAL ANALYSIS 
FOURIER SPECTRAL ANALYSIS 
D IG ITAL  F ILTER DESlGN/APPLICATlON 
ANNOTATED PLOTS 
WATERFALL SPECTRUM PLOTS 
SUSPEND PROGRAM 

FOURIER TRANSFORM OPTIONSI 
0 - RETURN 
1 - COMPUTE TRANSFORNS 

1 
THERE ARE 40  BLOCKS AVAILABLE. ENTER THE NUWOER 

TO TRANSFORM (START,STOP) 0 TRRHSFORPIS ALL*  
0 
DT I S  .312500E-05.  DO YOU HANT TO CHANGE I T 9  <YE o r  NO) 
NO 
ENTER THE TRANSFORM EXPANSION FACTOR */-<1,2,4,8,16): 
1 
ENTER THE DESIRED WINDOW TYPE* 

0 - RECTANGULAR 
1 - HANNING 
2 - HAMMING 
3 - GAUSSIAN 

0 
DATA BhNDWIDTH I S  .160000E*06  HERTZ 
DELTA FREOUENCY I S  .312500E-03  
OKAY? (YE o r  NO) 
NO 
ENTER RESOLUTION FACTOR* <1,2,4,8,16) 

CRAXIMUP! ALLOWED I S  16) 
2 
DELTA FREQUENCY I S  .156250E*03 
OKAY? <YE o r  N O )  
YE 
ENTER THE MODE FOR HIGH RESOLUTION: 

0 - ZERO F I L L  
1 - PERIODIC CONTINUATION 
2 - PERIODIC EXPANSION 

0 
ENTER THE TYPE OF ZERO F I L L  D E S I X D a  

0 - F I L L  AT THE END 
1 - F I L L  AT BEGINNING AND FND 
2 - F I L L  AT BEGINNING 

0 
CORRECT FOR ZERO MEAN? (0-H0,I-YES) 
0 
THERE ARE 2048 TRWSFORM POlNTS COVERING 
THE DATA BANDWIDTH OF .160000E*06 HERTZ. 
ENTER THE DESIRED STARTING FREOUENCY 
(1024 POINTS WILL BE RETAINED) 
0 
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FREQUENCY 
YE 
ENTER THE 

OF THESE 
1 
ENTER THE 
FFT222 
ENTER THE 

RANGE < H Z ) t  .OOOOOOE~00 TO .798438E*05 OKAY? 

OVERLAP FACTOR (1,2,4,8.16, OR MULTIPLES 
UP TO 1 0 2 4 1 1  

FFT F I L E  NAME, 

LABEL INFORPIATION 
FFT OF DR2222 REC #INDOY RES 
ENABLE PLOT OPTION? CO - NO. 
0 
COMPUTING VRANSFORN NUMBER 
COMPUTIHG TRANSFORW NWBER 
COMPUTING TRANSFORM NUPIBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORW NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUWBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUWBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRAHSFORM NUMBER . 
COMPUTING TRANSFORM NURBER 
COMPUTING TRAHSFORM NUMBER 
COMPUTIHG TRANSFORM NUMBER 
COMPUTING TRAHSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
CDPIPUTING TRAHSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRAHSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMFUIING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 
COMPUTING TRAHSFORM NUMBER 
COMPUTING TRANSFORM NUMBER . 
COtlPUTlNG TRANSFORM NUMBER 
C O W U I I N G  TRANSFORM NUMBER 
COMPUTING TRANSFORM NUMBER 

2 OVERLAP1 FREO RNG 0-79843 .8  
1 - YES) 

1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DeTA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF OATA BLOCK 
1 OF OATA BLOCK 
1 OF DATA BLOCK 
1 OF DRTA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
I OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF OATA BLOCK 
1 OF DATA BLOCK 
1 OF OATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
i OF D A T ~  BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 OF DATA BLOCK 
1 0: OATA BLOCK 



THE DISK I S  751 FULL. 

OPT I OMS I 
0 - END PROCESSING 
i - TRANSFER DATA RECORD TO OR FROM THE hp9845 
2 - DATA F I L E  ACCESS (TAPE OR DISK) 
3 - ADJUST ZERO LEVEL OR 0 OF 0LOCKS TO PROCESS 
4 - AW SIDEBAHD DETECTION AND REMOVAL 
5 - HIGH RESOLUTIOH (MESA) SPECTRAL ANALYSIS 
6 - FOURIER SPECTRAL AHALYSIS 
7 - D IG ITAL  F ILTER DESIGN/APPLICATION 
8 - ANNOTATED PLOTS 
9 - YATERFALL SPECTRUN PLOTS 

99 - SUSPEND PROGRAM 
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